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Abstract: The aim of this study was to evaluate heparin-induced in vitro capacitation-associated changes in spermatozoa of swamp
buffalo. Therefore, freshly ejaculated and washed spermatozoa of 8 swamp buffalo bulls were capacitated in vitro in TALP medium
supplemented with BSA, heparin, and HEPES buffer at a concentration of 6 × 109 spermatozoa/mL at 37 °C for 6 h. Capacitation status
of spermatozoa in terms of the hyperactivated motility, acrosome membrane integrity, total hypoosmotic swelling test (HOST), activity
of alanine aminotransferase (ALT) and aspartate aminotransferase (AST), and sperm membrane protein (SMP) and cholesterol content
were estimated for each ejaculate at 1-h intervals from 0 to 6 h of incubation. The results revealed that the highest hyperactivation of
spermatozoa (74.50 ± 1.78%) and live acrosome reaction (56.92 ± 1.88%) was recorded at 4 h of incubation while the total HOSTreacted spermatozoa and SMP and cholesterol levels decreased significantly (P < 0.01) with increasing period of incubation. The AST
and ALT activities increased significantly (P < 0.01) as incubation period increased. In conclusion, heparin induces in vitro capacitation
changes in swamp buffalo spermatozoa as evidenced by the highest hyperactivation of spermatozoa and live acrosome reaction at 4 h
of incubation.
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1. Introduction
Capacitation involves a series of molecular activities that
include reorganization of membrane proteins, metabolism
of phospholipids, reduction in cholesterol level, and
hyperactivation of sperm cells (1,2). These capacitationassociated changes induce acrosome reaction, which is
an irreversible exocytotic event and a prerequisite for a
sperm to bind and penetrate the zona pellucida to fuse
with the oocyte plasma membrane during the process
of fertilization in the female reproductive tract (1).
Acrosomes are necessary for protecting and releasing the
enzymatic contents at the right time and place for effective
fertilization. The enzymes stored between the inner and
outer membrane of acrosome, when released at the time
of acrosomal reaction, act sequentially and specifically
on the cumulus, corona radiate, and zona pellucida of the
ovum. Furthermore, the plasma membrane undergoes
capacitational changes and acrosomal reaction in the
uterine environment, which is a prerequisite for successful
fertilization (3). However, in vitro capacitation is possible
in the absence of reproductive tract fluids with the help
of specified media containing various compounds like
bicarbonate, calcium, heparin, HEPES, and serum
albumin that mimic the oviduct fluid (4). The plasma
* Correspondence: dibya26@gmail.com

membrane integrity of sperm is of crucial importance
for optimal sperm function and only sperm with intact
plasma membranes can undergo a series of complex
changes in the female reproductive tract and acquire the
ability to fertilize an oocyte (1). The exogenous serum
albumin stimulates and initiates the acrosome reaction
in mammalian spermatozoa during in vitro capacitation
by removing fatty acids and cholesterol from sperm
membranes (5). First and Parrish (6) proposed that
heparin-like glycosaminoglycans remove decapacitating
factors from the sperm plasmalemma and play a direct
role in calcium uptake. During capacitation, the sperm
enzymes get inactivated and ultimately cause efflux of
the cholesterol and influx of Ca2+ through the plasma
membrane and outer acrosomal membrane, thereby
resulting in acrosomal reaction (7). Various reports
suggested an active participation of the sperm plasma
membrane in the process of capacitation, mainly through
the loss of cholesterol and membrane bilayer permeability
(8,9). In addition, sperm surface proteins are modified,
added, or removed and an array of proteins have been shown
to undergo tyrosine phosphorylation in different species
(10). During fertilization, mammalian sperm membrane
proteins (SMPs) are also involved in the penetration of the
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cumulus matrix, recognition of the zona pellucida, and
fusion with the oocyte plasma membrane (11).
Hence, overall, the biochemical changes associated with
the capacitation process include an efflux of cholesterol
from the plasma membrane leading to an increase in
membrane fluidity and permeability to bicarbonate and
calcium ions, hyperpolarization of the plasma membrane
(9), changes in protein phosphorylation and protein kinase
activity (12,13), and increase in bicarbonate (HCO3-)
concentration, intracellular pH, Ca++, and cyclic adenosine
monophosphate (cAMP) levels (14). So far the substrates
of tyrosine phosphorylation, efflux of cholesterol from the
plasma membrane, and hyperpolarization of the plasma
membrane during in vitro capacitation in swamp buffalo
spermatozoa have not been investigated. Therefore, this
study was undertaken to understand the events involved
during in vitro capacitation in swamp buffaloes.

h. Capacitation-associated changes like hyperactivated
motility (18), acrosomal status (19), hypoosmotic swelling
test (HOST) results (20), aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) activities (21), and
SMP (22) and sperm cholesterol level were analyzed (23).

2. Materials and methods

2.5. Acrosome membrane integrity
Eosin-nigrosin-Giemsa staining was done as per Tamuli and
Watson (19). Briefly, a drop of semen was placed on a warm
(35 °C) glass slide, mixed with two drops of prewarmed (35
°C) eosin-nigrosin stain, and left for 30 s. A thin uniform
smear out of the mixture was made on a clean greasefree glass slide and air-dried. The dried smear was fixed
in a tartrate phosphate buffer (77 mM potassium sodium
tartrate, 50 mM sodium dihydrogen orthophosphate, 25
mM potassium dihydrogen orthophosphate in distilled
water, pH 7.0) with 10% formaldehyde solution for 10
min. The fixed smear was washed under slow-running tap
water for 10 min and then rinsed with distilled water. The
smear was then stained with Giemsa working solution for
60 min, rinsed with distilled water, and dried in air. The
stained slide was examined under oil immersion objective
of the microscope at 1000× magnification. A minimum
of 200 spermatozoa were counted and categorized into
the following groups: live acrosome intact, live acrosome
reacted, dead acrosome intact, and dead acrosome reacted.

2.1. Semen collection
A total of 40 semen ejaculates were collected by artificial
vagina method, 5 each from 8 swamp buffalo bulls aged
5 to 8 years following a twice a week schedule. Bulls
were maintained at an institute farm under “Network
Project on Swamp Buffalo” in the College of Veterinary
Science, Assam Agricultural University, Guwahati, India,
under uniform managerial conditions. Immediately
after collection each individual ejaculate (5 replications)
was evaluated for ejaculation volume, mass activity, and
initial motility of spermatozoa as per Salisbury et al. (15).
Samples having volume above 1.0 mL, mass activity 3+,
and initial sperm motility of 70% or more were capacitated
in vitro in TALP medium at 37 °C for 6 h (16).
2.2. Washing of spermatozoa
The fresh semen samples were washed with phosphatebuffered saline (PBS; pH 7.4) by centrifugation at 3000
rpm for 20 min. The supernatant was discarded and the
sperm pellet was washed again with 2 mL of PBS. Finally,
the washed pellet was resuspended in PBS to make the
desired concentration of sperm cells depending upon the
experiment (17).
2.3. Capacitation of spermatozoa
Washed fresh spermatozoa were suspended in TALP
medium (NaCl - 92.9 mM; KCl - 4 mM; NaHCO3 - 25.9
mM; CaCl2.2H2O - 10 mM; MgCl2.6H2O - 0.5 mM; sodium
lactate - 7.6 mM; sodium pyruvate - 1.3 mM; HEPES - 20
mM; glucose - 0.25%; heparin - 200 µg/ml, BSA - 0.6%,
penicillin G - 40 IU/ml, streptomycin sulfate - 50 µg/ml in
deionized triple-distilled water) at concentration of 6 × 109
spermatozoa/mL and subsequently incubated at 37 °C for
6 h (14). To assess the status of capacitation, each sample
was evaluated at 1-h intervals of incubation from 0 to 6
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2.4. Hyperactivated motility
Hyperactivated motility of in vitro capacitated spermatozoa
was evaluated by taking a drop of sperm suspension
from each sample (i.e. hourly intervals from 0 to 6 h of
incubation) on a preheated slide covered with a coverslip.
The slide was then placed on the warm BioTherm stage and
examined under phase contrast optics at a magnification of
40×. The percentage of spermatozoa with hyperactivated
and nonactivated motility was recorded accordingly. A
spermatozoon was considered to be hyperactivated when
it swam in a vigorous figure-eight pattern as described by
Marquez and Suarez (18).

2.6. Total HOST-reacted spermatozoa
The functional integrity of the sperm membrane was
studied using hypoosmotic solution maintained at 150
mOsm/L (20). A total of 200 spermatozoa were examined
in different fields at a magnification of 400× using a phase
contrast microscope and total types of swellings were
recorded.
2.7. Estimation of ALT and AST activities
The in vitro capacitated semen samples from each bull
were evaluated for ALT and AST activity as per Nath et al.
(21) using commercial kits (Siemens Ltd., Gujarat, India)
and a Systronics Spectrophotometer 106. The enzyme
activity was expressed in units/108 spermatozoa.
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2.8. Extraction and estimation of SMP
Protein extraction was done as per Cheema et al. (22).
Aliquots of in vitro capacitated semen were washed two
times in PBS (pH 7.4) by centrifugation at 4000 rpm
for 10 min. Sperm membrane proteins were extracted
by incubating 1.0 × 109 spermatozoa in 1.0 mL of 1%
deoxycholate (DOC) in 0.02 M Tris-HCl buffer (pH 6.8)
in a boiling water bath (5 min). Sperm suspension was
centrifuged at 6000 rpm for 30 min at room temperature.
To get sperm membrane extract, 5% mercaptoethanol was
added to the supernatant, kept in a boiling water bath for
5 min, and subsequently centrifuged at 6000 rpm for 30
min. The pellet was discarded and supernatant was stored
at –20 °C for protein analysis. SMP estimation was done
by the Burette method using a Siemens kit (Siemens Ltd.,
Gujarat, India) in a Systronics Spectrophotometer 106 and
expressed as mg/109 spermatozoa.
2.9. Estimation of cholesterol content
Cholesterol was estimated according to Srivastava et al.
(23). Aliquots of in vitro capacitated semen were washed
three times in PBS (pH 7.4) by centrifugation at 800 rpm
for 10 min. The pellet of approximately 100 million washed
spermatozoa was taken in a 10-mL vial. The sperm pellet
was extracted with 20 volumes of chloroform:methanol
(1:1, v/v) solution and vortexed for 20 s. Subsequently,
it was centrifuged at 800 rpm for 5 min followed by
evaporation to dryness under liquid nitrogen. At the time

of estimation, 0.5 mL of chloroform was added to each vial
and cholesterol was estimated by enzymatic method using
a cholesterol assay kit (Siemens Ltd., Gujarat, India) in a
Systronics Spectrophotometer 106 and expressed as µg/108
spermatozoa.
2.10. Statistical analysis
Data are presented as mean ± standard error (SE). Twoway ANOVA using SPSS for Windows was performed in an
electronic environment, and the statistical difference was
determined with an inside-group Tukey test. Differences
were considered significant at P < 0.05 (24).
3. Results
The mean ± SE of different parameters studied in
the swamp buffalo spermatozoa at different hours of
incubation during in vitro capacitation are presented in
the Table.
The hyperactive motility of sperm cells significantly
(P < 0.01) increased from 0 to 4 h of incubation and then
decreased significantly. The highest hyperactive motility
was recorded at 4 h of incubation. Live acrosome reacted
spermatozoa also gradually increased with the hours of
incubation and then decreased from 4 h of incubation.
The total HOST reacted spermatozoa significantly (P <
0.01) decreased with the hours of incubation. It was 82.55
± 1.00% at 0 h, which decreased significantly (P < 0.01) to
61.57 ± 2.20% at 6 h of incubation. The enzyme activity

Table. Mean ± SE of hyperactivated motility, acrosomal integrity, total HOST reacted sperm, ALT and AST activity, SMP, and cholesterol
level of swamp buffalo spermatozoa at different hours of incubation in TALP medium. Means bearing different subscripts in a row differ
significantly.
Hour

Effect

0

1

2

3

4

5

6

Hyperactive motility (%)

14.00a ±
0.80

35.75b
± 1.12

52.87e
± 1.38

60.25f
± 1.05

74.50g
± 1.78

47.50d
± 1.11

41.25c
± 1.30

P < 0.01

Acrosomal integrity (%)

8.62a
± 0.33

45.57b
± 2.97

52.42ec
± 2.49

50.92d
± 2.39

56.92de
± 1.88

54.27ef
± 1.83

49.37c
± 2.59

P < 0.01

HOST reacted sperm (%)

82.55g
± 1.00

78.02f
± 1.26

77.22ef
± 1.12

75.55d
± 1.21

71.70c
± 1.49

69.25b
± 1.61

61.57a
± 2.20

P < 0.01

ALT (U/108 spermatozoa)

0.89a
± 0.11

1.77b
± 0.15

3.65c
± 0.18

4.91d
± 0.12

6.17e
± 0.20

7.64f
± 0.31

13.20g
± 0.40

P < 0.01

AST (U/108 spermatozoa)

12.63a
± 1.14

31.28b
± 1.11

39.67c
± 4.52

53.96d
± 1.37

70.39e
± 1.53

88.98f
± 2.28

90.40g
± 2.87

P < 0.01

SMP (mg/109 spermatozoa)

5.13g
± 0.12

3.92f
± 0.13

3.25e
± 0.12

2.64d
± 0.11

2.55c
± 0.13

1.82b
± 0.06

1.45a
± 0.08

P < 0.01

Cholesterol (µg/108 spermatozoa)

21.95g
± 0.44

19.08f
± 0.51

14.65e
± 0.51

12.94d
± 0.47

11.07c
± 0.59

8.45b
± 0.54

5.64a
± 0.46

P < 0.01

Parameter
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for ALT and AST (U/108 spermatozoa) showed significant
(P < 0.01) increase as the hours of incubation prolonged.
SMP (mg/109 spermatozoa) dropped significantly (P <
0.01) with the hours of incubation. It declined from 5.13
± 0.12 at 0 h to 1.45 ± 0.08 at 6 h of incubation. Similarly,
the cholesterol values also showed a significant (P < 0.01)
decline from 0 to 6 h of incubation.
4. Discussion
Hyperactivated sperm motility is characterized by
high-amplitude and asymmetrical flagellar beating
that assists sperm in penetrating the zona pellucida of
oocytes (18). During capacitation, several sperm proteins
become phosphorylated on tyrosine residues and this
phosphorylation has been demonstrated to be regulated
by a cAMP pathway through activation of protein kinase
A (PKA). Some of the proteins that become tyrosine
phosphorylated during capacitation have been localized
in the flagellum, and therefore it has been proposed
that they are involved in hyperactivation (14). In the
present study, the highest hyperactivated motility of the
spermatozoa was achieved at 4 h of incubation during
in vitro capacitation and thereafter declined until 6 h,
which is in agreement with the findings of Bansal (25).
This might be due to molecular changes related to the
sperm capacitation beginning after 1 h of incubation and,
furthermore, a significant (P < 0.01) decrease in percentage
of hyperactivity from 4 to 6 h showed the occurrence of
acrosome reaction, during which many metabolic and
ionic changes occurred in sperm membrane leading to
decreased hyperactivity. The highest rate of live acrosome
reacted spermatozoa was recorded at 4 h of incubation due
to capacitation and acrosome reaction followed by a loss of
the acrosomal matrix contents (3).
Our findings revealed that the total HOST reacted
spermatozoa were significantly (P < 0.01) decreased as the
incubation period increased. It was suggested that the ability
of spermatozoa to swell in the presence of hypoosmotic
medium reflects normal water transport across the sperm
membrane, a sign of normal membrane integrity and
functional activity (20). The absence of sperm tail swelling
might be indicative of functional sperm head membranes
that react during capacitation and acrosome reaction.
Thundathil et al. (26) reported that there was a statistically
significant positive correlation between the percentage of
uncapacitated spermatozoa and the percentage of HOST
positive spermatozoa, and a similarly positive correlation
was also obtained between the proportion of spermatozoa
with a negative HOST response and the proportion of
acrosome reacted spermatozoa.
In our study, it was observed that the ALT and AST
activities increased significantly (P < 0.01) while incubation
period increased. A similar finding was reported by Nath
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et al. (21), which might be due to acrosome reaction
leading to changes in the mitochondrial sheath with loss
of protein from the midpiece (27) and increase in cell
membrane permeability with or without rupture of cell
membrane (28).
It was observed that the sperm membrane protein
levels decreased significantly (P < 0.01) while incubation
period increased, which is in agreement with the findings
of Dhanju et al. (29) and showed a correlation with the rate
of acrosome reaction. The present observations suggested
that the rate of capacitation and acrosome reaction
can be predicted from the leakage of proteins from the
spermatozoa. Bansal (25) also reported that the protein
content of incubation medium (TALP + sperm suspension)
increased nonsignificantly (P < 0.05) from 0 to 4 h and it
was maximum at 4 h. This might be due to stimulatory
effect of capacitation in terms of protein leakage, which
was perhaps essential for increasing membrane fluidity
leading to acrosome reaction.
The spermatozoa acquire a layer of cholesterol sulfate
and desmosterol sulfate to stabilize the sperm plasma
membrane while passing through the epididymis (1).
During in vitro capacitation in the presence of serum and
other proteins, there occurs a loss of membrane-stabilizing
substance from the surface of sperm facilitating the efflux
of the cholesterol. In our study, it was observed that the
sperm cholesterol levels decreased significantly (P < 0.01)
while incubation period increased, which is in agreement
with the findings of Sharma et al. (30). Present findings
also corroborate with the findings of Visconti et al. (9), who
reported that less cholesterol initiates the signal transduction
pathway that promotes capacitation by altering the sperm
membrane permeability. These membrane alterations
increased permeability to ions such as Ca2+ and HCO3, which enter the cytoplasm and stimulate the adenylyl
cyclase to promote cAMP production, leading to the
stimulation of PKA and ultimately initiation of capacitation
associated with hyperactivation. Langlais and Roberts (7)
reported that, during capacitation, the sperm enzymes get
inactivated, which ultimately causes efflux of the cholesterol
and influx of Ca2+ through the plasma membrane and outer
acrosomal membrane, thus resulting in acrosomal reaction.
They further postulated the process of sperm capacitation
to be associated with membrane cholesterol depletion.
In conclusion, heparin induces in vitro capacitation
changes in swamp buffalo spermatozoa as evidenced
by the highest hyperactivation of spermatozoa and live
acrosome reaction at 4 h of incubation. The total HOST
reacted spermatozoa, SMP, and cholesterol levels decreased
significantly with increasing period of incubation, which is
related to the rate of capacitation and acrosome reaction.
Therefore, the process of sperm capacitation is associated
with membrane protein and cholesterol depletion in
swamp buffalo spermatozoa.
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